Communications systems can be made cheaper by using the fibers themselves, rather than discrete optics, to manipulate light.
Figure 1. (a) Schematic of the device and (b) the overall mode coupling process.
The device structure and the mode coupling processes are depicted in Figure 1 , where the two types of coupling can be seen clearly. Importantly, through total internal reflection (TIR), the cladding mode is outcoupled through the v-grooved cladding. At the same time, the tilt angle of the TFBG has been adjusted to maximize the coupling efficiency so that most of the core mode power is coupled to the cladding mode. The TFBG is fabricated in a hydrogen-loaded photosensitive fiber using a KrF excimer laser. The tilt angle of the phase mask is set to 2
• , which corresponds to 2.97
• for the actual grating tilt angle. 7 Figure 2 shows the fabricated v-groove and how it emits light. It is made by precisely removing a portion of the cladding by appropriately focusing a high-power (femtosecond) laser beam.
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Once the core mode is coupled to the cladding, it propagates in the cladding region and is tightly guided by the air-cladding boundary. Since the refractive index of the air is lower than that of the cladding, when the light then meets the v-groove, TIR occurs as long as the incident angle is higher than the critical angle. Therefore, most of the cladding mode can be coupled out to the detector as shown in Figure 2(c) .
In our experiment, we measured the output photocurrent of an avalanche photodiode (APD) and the transmitted power with respect to the wavelength, and then we calculated the maximum coupling efficiency of the device. Figure 3 shows the measured data. The solid and open circles are photocurrents of the APD and transmitted power, respectively. Since there is no corecladding mode coupling in the longer wavelength region, no photocurrent is evident. The actual power launched into the device is estimated to be about 0.73mW, as obtained from the transmission spectrum in Figure 3 . The maximum photocurrent is about 0.4mA and corresponds to 0.4mW, in which the multiplying factor M=9 is applied for the APD. The out-coupling efficiency is therefore about 54.8%. In our experience, the outcoupling efficiency can be improved by optimizing the grating and the v-groove in the cladding.
We have developed a fiber device in which the optical signal can be coupled out directly coupled out without using any lenses, filters, or splitters. Since this device has wavelengthdivision-multiplexing characteristics inherited from the TFBG, a receiver array for WDM signals can be implemented by having 
